Introduction: Children with Pierre Robin sequence (PRS) have a complex clinical presentation and requires many health-care providers. Thus, multiple clinical pathways have been proposed on how to manage this population, with some opting for conservative measures while others opting for a surgical approach. However, no consensus has been reached on the most appropriate protocol. Objective: To present the treatment protocol for PRS at the Hospital for Sick Children. This will be evaluated through a qualitative examination of the approach from the patient's perspective, and a micro-costing analysis of the financial aspects of providing care. Methods: A retrospective cohort study was conducted to evaluate infants who were admitted with PRS and failure to thrive from January 2004 to December 2015. This was followed by a micro-costing analysis to evaluate the cost of the management protocol. Finally, a qualitative evaluation of the parent's perspective was done. Results: Eighty-nine patients were admitted with failure to thrive during the study period. Fourteen patients underwent surgical management. Fourteen patients required readmission for airway or feeding issues secondary to PRS. The average cost per patient was Can$105 996. With regard to the qualitative evaluation, key themes that were generated included stress upon hospital admission, variable methods of understanding PRS, good level of communication with the team, excellent hospital process, and challenging transition home. Conclusion: These results will aid in the continual evolution of a protocol and provide important information on PRS to both families and centers that manage these children.
Introduction
Pierre Robin sequence (PRS), consisting of the triad of micrognathia, glossoptosis, and airway obstruction (plus/minus cleft palate), has an incidence ranging from 1 in 8000 to 1 in 14 000 due to its heterogeneous clinical presentation. [1] [2] [3] More than half of the infants born with PRS will have an associated syndrome, chromosomal abnormality, or additional anomaly. [4] [5] [6] Children with PRS also have a complex clinical presentation. The presence of a cleft palate decreases their ability to establish negative intraoral pressure and to feed, leading to failure to thrive. 7 Glossoptosis associated with micrognathia impairs their ability to breathe as their tongue occludes the airway. The attempt of children to breathe in the presence of the obstruction causes an increase in negative intrathoracic pressure and can lead to gastroesophageal reflux. 8 Thus, children with PRS have difficulties feeding and gaining weight along with airway obstruction, which are of great concern. This is in line with the results reported by Stubenitsky et al demonstrating weight gain as an important predictor for inpatient length of stay. 9 The management of airway obstruction is dependent on severity of presentation. Non-surgical interventions include prone positioning, nasopharyngeal (NP) airway, orthodontic apparatus, and continuous positive airway pressure (CPAP). 10 Surgical interventions include tracheostomy, tongue lip adhesion (TLA), subperiosteal release of the floor, and mandibular distraction osteogenesis (MDO). 10 Airway issues usually occur in concert with feeding issues and infants failing to thrive will often require supplemental feeding assistance, most commonly by nasogastric (NG) tube feeding in combination with a hypercaloric diet. 11 If the infant requires an NG tube for a sustained period of time or is at high risk of aspiration, gastrostomy (Gtube) placement may have to be performed. Gastroesophageal reflux disease (GERD) is quite prevalent in the population of infants with PRS and complicates successful feeding management.
In the literature, there have been several clinical practice guidelines that have been proposed, but no consensus between centres has been reached. [12] [13] [14] Although MDO is the first-line treatment in many centres, recent evidence in the United States suggests that regional variation for surgical management is largely dependent on the training of the surgeon. 15 Other hospitals opt for conservative, supportive measures such as NP tube and CPAP with only a small percentage of their cases requiring surgical intervention. 16, 17 Even among centres that agree on placing G-tubes in patients that require prolonged NG tube use, the timing of implementation varies across hospitals. 10 The approach for the management of PRS infants requiring admission to the Hospital for Sick Children, Toronto, has traditionally involved a non-surgical management initially with a transition to surgery when non-surgical options fail. Given the relative rarity of this condition and the lack of agreement in management strategies between centres, the aim of this study was to describe our treatment protocol for the patient's primary admission and demonstrate our experience with surgical interventions in this unique patient population. A qualitative examination of this management plan from the patient's perspective and a micro-costing analysis to evaluate the financial aspects of providing care was also part of this study. It is hoped that this information will be of benefit in the evolution of the protocol and provide important information to future families and health-care providers involved with the challenging care of infants with PRS.
Materials and Methods
Protocol at SickKids for PRS infants includes mandatory medical therapy for GERD (proton pump inhibitors plus/minus gastric emptying agents), positioning, and the use of NP tubes and NG tube feeds as first-line treatment for airway and feeding issues in a constant care observation environment. Overnight oximetry and formal polysomnographic sleep studies are used as indicated. Daily weights are monitored as well as a sign of GERD. Dieticians and occupational therapists are involved with feeding. Airway assessments are carried out with scoping by the Otolaryngology-Head and Neck Surgery service. Once a trend of stabilization is reached, NP tubes and NG feeds are weaned. Ideally, a plan for surgical intervention is reached by 4 weeks of age, but this continues to be problematic due to the heterogeneous nature of this patient population. The TLA has been the first line of surgical treatment followed by MDO, but when urgent airway intervention is required, a tracheostomy may be employed.
Following approval by the research ethics board at SickKids, a retrospective cohort study was conducted on infants who were newly admitted with PRS and failure to thrive between January 2004 and December 2015 to the Division of Plastic and Reconstructive Surgery at SickKids in Toronto, a tertiary referral centre. Eighty-nine infants were admitted and identified from SickKids' Cleft Palate Database and their medical records reviewed.
A micro-costing analysis was then performed, with hospital financial data being gathered through the hospital's decision support office. Direct hospital costs were then calculated by the office and attributed to each patient. Cost records were available for 60 patients who were admitted between the period of 2007 and 2015. Direct costs include cost for non-intensive care unit (ICU) stay, ICU stay, professional services, pharmacy, food, ambulatory clinic, operating room, diagnostic imaging, labs, and image-guided therapy.
The qualitative arm of the study involved thematic analysis of interview conducted with 9 different families that were used initially for a quality improvement project to develop clinical practice guidelines at SickKids. During analysis, areas of interest included the caregiver's perspective of the communication exhibited between team members, the navigation of the various services involved in their child's care, and their overall experience of care at SickKids.
Quantitative Results
Eighty-nine infants (53 males and 36 females) diagnosed with PRS were admitted (mean age at admission 14 days; range: birth to 135 days) to SickKids between 2004 and 2015 ( Table  1) . Criteria for admission were failure to thrive due to airway obstruction and/or feeding difficulties. All patients underwent a multidisciplinary assessment that included members of teams from plastic and reconstructive surgery, otolaryngology, head and neck surgery, genetics, dietician, pediatrics, occupational therapy, nursing, and when indicated ophthalmology, respirology: sleep medicine and anesthesia.
For the primary admission, the average length of stay was 64 days (range: from 4 to 254 days; Table 1 ). Discharge criteria were resolution of airway issues and satisfactory nutritional status including whether the patient was drinking well and eating well. Twenty-two of the 89 patients underwent genetic assessment, of which 9 were identified as having Stickler Syndrome.
Of the 89 patients in this cohort, 45 required an NP tube during their admission and 81 had feeding assisted with NG tubes. Twenty-eight of the 89 patients were discharged before the 30-day mark with no surgical intervention required. Of these 28 patients, 6 were discharged home with NG feeds but none required NP tubes. The remaining 61 patients required stays longer than 30 days. Forty-seven of the 61 patients require prolonged use of airway support with an NP tube and all had NG feeds. Twenty-eight of the 61 patients in this group underwent G-tube insertion either due to feeding difficulties or severe GERD.
Of the 61 patients with a stay beyond 30 days, surgical management for persistent airway obstruction was carried out on 14 patients through a total of 16 surgical procedures (Table  1) . In 10 patients, TLA was performed with successful resolution of airway symptoms and removal of NP tubes in 8 patients (age range at time of procedure: 10-126 days). Two patients received an MDO, with one of the patients having previously received a TLA during the same admission (age at time of procedure: 91 and 96 days). Four (5%) of the 89 patients required a tracheostomy for airway difficulties refractory to the current hospital protocol. The age range at the time of the procedure was from 10 days up to 67 days. Of those 4 patients, one had a prior TLA during the same admission.
The average length of stay for patients who stayed beyond 30 days who received surgical (n ¼ 14; mean: 112 days; range: 32-190 days) versus non-surgical management (n ¼ 47; mean: 78 days; range: 47-254 days) was statistically significant (Student t test, P ¼ .0110).
Cost records were available for 60 patients, admitted 2007 to 2015, and this subset was then used to examine the cost of the management protocol proposed by SickKids. The average cost of each patient's first admission was Can$105 966 (range: from Can$6996 to Can$422 996) adjusted to the 2015 Canadian dollar. Detailed breakdown of the costs is in Table 2 . The difference in cost of management of patients from the period with solely non-surgical management (2007-2008; n ¼ 13; Cost of surgical management compared with non-surgical management was also examined by comparing 2 isolated PRS patients who received a TLA with 2 isolated PRS patients who were offered a TLA but declined. There was no marked difference in cost between these 2 groups (Table 3) .
With regard to rate of readmissions, 14 of the 89 patients required a total of 53 readmissions (range: from 1 to 20 readmissions per patient) for feeding or respiratory issues associated with PRS (see Table 4 ). These include GERD, failure to gain weight, and apneic episodes. For patients that had a length of stay less than 30 days during their primary admission (n ¼ 28), 3 patients required a single readmission each. For patients that had a stay of greater than 30 days but received non-surgical management (n ¼ 47), the total number of readmissions was 35 (range: 1-20 readmissions) accumulated by 8 different patients. One patient was responsible for 20 of those readmissions and subsequently underwent an MDO on readmission number 19. Finally, for patients that received surgical management (n ¼ 14), there was a total of 15 readmissions Readmission was noted when it was attributed to either airway or feeding issues associated with PRS. For example, the short stay required for cleft palate repair was excluded.
from 6 patients (range: 1-7 readmissions; for additional details for readmission following surgical management, see Table 5 ). With regard to additional surgical intervention, 3 patients required further surgery following their primary admission. One was a patient that received non-surgical management initially but then required a tracheostomy. That patient along with a second patient, who received a tracheostomy during their primary admission, underwent an MDO for the purpose of decannulating the tracheostomy. Finally, a patient who received a TLA, then underwent an MDO in a subsequent visit.
Qualitative Results
The interviews underwent thematic analysis. Through analyzing the data, 5 recurrent themes were identified with the implications on the clinical pathway protocol for children with PRS at SickKids. These include stress upon hospital admission, variable methods of understanding PRS, good level of communication with the team, excellent hospital process, and challenging transition home (see Table 6 for summary of the findings).
Theme 1: Stress Upon Hospital Admission
The parents reported that the admission process to SickKids was stressful (Table 6 ). The stress was attributed to 2 areas: hospital-related challenges and other external demands. One parent's view of the admission process from the birth hospital was "Everything was, as I'm sure you can imagine, was a little hectic and overwhelming, but I think overall it was okay." Another suggested that providing parents with "some kind of information package in the beginning that dealt with parking and visitation and all that would have been helpful too." Practical information about the hospital stay may help alleviate parental stress.
In addition to the hospital-associated challenges, the need to balance other external demands contributed to parental stress. Participants had to balance time spent with their child in hospital and their children at home. One mother shared, "So it was definitely a very stressful time and I felt like I spent more hours at the hospital than I did with my girls at home." Others faced the challenge of spending time at work versus time spent in hospital. Parents viewed the external demands as quite challenging and as a source of stress.
Theme 2: Variable Methods of Understanding PRS
Parents described that the process of receiving the diagnosis and medical information on PRS prior to admission as less than satisfactory ( Table 6 ). The individuals who disclosed the diagnosis varied, and some participants found the knowledge levels of those individuals inadequate to answer their questions, which led to frustration. An example of such an encounter described by a parent was that a "Social worker maybe came to the room and gave me a printout of Wikipedia about Pierre Robin." As a result, participants used the Internet to supplement their knowledge. The participants reported that the utility of the Internet was quite variable with some finding it quite helpful and others vague. Of note, one participant found the information online to be quite disconcerting, "I started going on the Internet, and reading too about Pierre Robin and everything and getting scared a little bit . . . like about jaw distraction and trachs and all of that." However, the participants did mention that the health-care team at SickKids were excellent in explaining the syndrome along with the management plan of their child during their hospital admission. Specifically, the pamphlet provided by the team was a useful tool which described what PRS was and explained the potential management options supplemented with images. In the pamphlet, one parent found that "having the visual really helped me because the NG tube was small," and this helped prepare them for their child's care.
Another means of understanding and coping with the diagnosis of PRS, arranged by the SickKids nurse coordinator, was through meeting other families with children with PRS. Participants mentioned that it was great looking at an older child. One parent stated, "To be able to look forward 3 years from now, and just say my kid, and you can't even tell by looking at her that she has been through half the stuff that has been through in her life was helpful." In addition to connecting in person with other parents of children with PRS, participants mentioned that online support groups and Facebook groups were helpful as well. These were spaces the participants used to receive answers to questions from those with more "family experience" as opposed to "nursing experience."
Theme 3: Good Level of Communication With the Team
Parents were pleased with their communication with the team (Table 6 ). "Every 3 weeks, or every 4 weeks, we have a team meeting . . . I mean was a total open door policy, say what you need to say . . . there is nothing that beats that," one parent stated. Participants felt they had enough time, through attending team meetings and rounds, to communicate with the team. Participants mentioned that when the team gave a rough timeline, it helped to convey comfort in letting them know what to expect, even if it was vague. The team was also readily available to answer questions and did so in a timely manner. Participants felt that there was appropriate balance between family and the team when making clinical decisions as illustrated by one parent that, "felt like I was being explained the options and the situation and together we all decided something so ya I think that was definitely the best way to handle it."
Although participants mentioned that they were satisfied with their communication with the team, there were points in their child's care where miscommunication occurred. Salient examples brought forth by participants included the team forgetting to update the family on changes in the child's management or receiving different message from different team members. These examples of miscommunication were upsetting to the participants.
Theme 4: Excellent Hospital Process
Overall, participants reported having a great experience on the inpatient unit and viewed the care they received as excellent and felt comfortable there (Table 6) . From the parental perspective, initially, participants found it difficult leaving their child in the hospital but found comfort knowing that their child would be well taken care of there. The ward was also open to being contacted any time which brought comfort to the parents, "I would always call 'THE WARD' and check on her and even if it was 3 o'clock in the morning and they were like, yep I have the chart in front of me and this exactly what happened to her tonight and she's great and everything is good and that is so reassuring." The participants felt supported by the health-care team, pleasantly surprised with the services, and found the staff and doctors to be great. A strong family support system, whether it be from their spouse, in-laws, or siblings, helped them through the entire hospital process, contributing to a positive hospital experience.
Theme 5: Challenging Transition Home
Participants found the discharge process at the hospital to be good (Table 6 ). Once the patient was close to being discharge ready, discharge preparation was initiated. This involved training the parents on how to feed the child with the Haberman feeder, how to change a NG tube, and how to perform cardiopulmonary resuscitation (CPR) and a car seat test. This culminated with a 48-hour observation of the parent in a private room to evaluate how he or she manages the child. As a whole, the participants felt the discharge timing was appropriate.
Once at home, parents described it as stressful and challenging. Common challenges at home included feeding (child pulling out the feeding tube, milk going down the wrong tube when feeding), GERD (recurrent vomiting), and transitioning the child to a new environment. In addition, participants had to contend with numerous services involved post discharge that included nursing, occupational therapy, and physiotherapy. "There just seemed to be so many different people involved and groups and I was never 100% sure like . . . It was hard to keep sort of everything organized in my mind." This led to confusion for the families as they found it difficult to distinguish which service everyone provided. One suggestion proposed by a family to help prevent confusion about the numbers of services involved post discharge would be to give a booklet to the families at discharge, outlining the different services, and organizations that are involved in their child's care.
To help offset the burden of the transition home, parents mentioned that discharge support such as contact information for the plastic surgery ward was helpful. One parent said, "I think that really helped with the confidence too, knowing that if I did get myself into a bit of a pickle, then somebody was a phone call away." Training other family members to be involved in their child's care such as feeding the child with the Haberman, changing the NG tube, also helped to ease some burden of care that was placed on the parents at home.
Discussion
This is the first investigation of clinical management of children with PRS at SickKids. A much smaller proportion of patients underwent surgical treatment for complications associated with PRS (14 of 89 ¼ 16%) during their primary admission in comparison to centres in the United States where retrospective case series show surgical airway intervention rates of approximately 30% to 40%. 4, 18, 19 Using nationwide data from across the United States, Scott and Mader found from 2006 to 2009, of 369 PRS admissions, 406 airway surgeries were performed (321 were either TLA or MDO, remaining 85 were tracheostomies). 15 Of note, our cohort had a tracheostomy rate of 4.5% during their primary admission which is markedly lower than the 23% (85 of 369 PRS admissions; 2006-2009) previously reported. 15 With our conservative approach at SickKids, the average length of stay per patient was 64 days. When examining and comparing the length of stay between the surgical and non-surgical group, the increased length stay seen in the surgical group was statistically significant. However, this could be attributed to the increased severity of PRS seen in patients who require surgical management. The rate of readmission among patients was 16% (14 of 89 patients). However, despite this long length of stay, parents were satisfied with the care provided at SickKids. They felt supported by the team throughout, that there was ample communication with them and that the timing of the discharge for their child was appropriate. Even though parents had to balance external demands while in hospital such as time off work, time spent with other children, commuting, and so on, the presence of a strong network of family members and friends helped to assuage this burden. Of note, there was very little mention of the burden associated with an increase in length of stay for the family members. The one participant who was offered surgical management chose conservative management instead which would increase length of stay. What could be derived from the results for our centre is that, in fact, increased length of stay may not be of greatest concern for the family as long as they are satisfied with the care provided to their child.
Although participants were happy with the results, caring for these types of patients is resource intensive. This was reflected through the qualitative findings as parents mentioned they felt they had enough time to communicate with the team and felt the team was readily available to answer any questions they had, any time of day. They also mentioned that they received strong discharge support and that they could freely contact the hospital even once they had left. Heavy resource consumption was also revealed through the findings of the micro-costing analysis as on average, each patient cost Can$105 996. Even with the implementation of surgical management to decrease length of stay, the differences in cost between TLA and TLA control groups were not statistically significant.
Limitations
There are some limitations to this study. A chart review is subject to missing data, and the costs of the management of these children were only available for a subset of the study period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Furthermore, TLAs were not performed in the hospital until later in the study period. The cost comparison between surgical and non-surgical management was most likely underpowered as there were only 2 individuals in either groups. This analysis should be revisited in the future with more extensive data sets.
Nevertheless, for the first time, a description of the management protocol at the Hospital for Sick Children for children with PRS was provided along with a qualitative and financial assessment. Although the patients were quite happy with the care and did not mind the elevated length of stay, these patients place a large financial burden on the health-care system. Thus, centres should begin to shift their focus on to the management of their PRS patients to mitigate increased costs.
Conclusions
This study outlines the protocol for the management of infants admitted with failure to thrive due to PRS. The majority were managed non-operatively with only 14 of the patients undergoing some form of operative management at this centre. As a result, during their primary admission, the average length of stay was 64 days, the cost per patient was Can$105 996, and the rate of readmission among patients was 16% (14 of 89). Yet, despite the increased length of stay, the families of the patients were pleased with the care provided by the team, suggesting that a non-operative, conservative approach may be the approach favored by families.
